This paper aims to provide an explanation for the robust and consistent relationship between public investment in transport and communication and economic growth that has frequently surfaced in recent empirical studies. Using both informal and formal causality tests, the paper finds that, for a set of developing countries, the strong association is the result of the effect running from growth to public investment rather than vice versa.
Non-Technical Summary
Recent externality based growth models suggest that differences in public spending policies are able to explain, at least in part, the observed differences in growth rates across countries. This view has revived interest among economists in re-evaluating the relationship between the levels and the compositions of public spending and growth performances of countries. There does seem to be some pattern emerging from the studies, which have included disaggregated public investment variables within growth regressions. Where positive significant coefficients have been estimated these are usually confined to public investment expenditure in the transport and communication (T&C) sector. Yet, this association alone does not indicate the direction of causality. For example, one is able to come up with two equally plausible hypotheses to account for such an association: (1) public investments in T&C sector lead growth and the correlation between the two is the result of the effects running from public investment in T&C sector to growth; and (2) public investments in T&C sector follow growth, so that rapid growth leads to higher investments in this sector. Clearly, from the policy perspective, there is a need to examine which of the above two hypotheses is more plausible -an issue that has so far eluded the attention of most researchers. The objective of this paper is to examine this causality issue for a group of developing countries by using a formal method of studying the direction of causation.
Existing studies aiming at evaluating growth effects of public investment at a disaggregated level largely suffer from 'sparseness of data' problem. For us, however, this problem poses a greater challenge. A formal test for causality requires use of leads and lags of the variables in question. Accordingly, such analysis needs to be based on data sets containing relatively large number of observations per country. To overcome this problem, we collected 1970-89 data on central government investment expenditure in the T&C sector for 32 developing countries by consulting a large collection of World Bank Country Economic Reports and Public Expenditure Reviews.
Introduction:
Recent externality based growth models suggest that differences in public spending policies are able to explain, at least in part, the observed differences in growth rates across countries. This view has revived interest among economists in re-evaluating the relationship between the levels and the compositions of public spending and growth performances of countries. There does seem to be some pattern emerging from the studies, which have included disaggregated public investment variables within growth regressions. Where significant coefficients have been estimated these are usually confined to public investment expenditure in the transport and communication (T&C) sector. For example, Aschauer (1989) finds that public investment in the transport sector is highly correlated with private sector productivity in the United States for the period 1949-85. In a cross-country study, Easterly and Rebelo (1993) find that public investment in T&C sector is consistently positively correlated with growth with a very high coefficient (between 0.59 and 0.66). Yet, this association alone does not indicate the direction of causality. For example, one is able to come up with two equally plausible hypotheses to account for such an association: (1) public investments in T&C sector lead growth and the correlation between the two is the result of the effects running from public investment in T&C sector to growth; and (2) public investments in T&C sector follow growth, so that rapid growth leads to higher investments in this sector. Clearly, from the policy perspective, there is a need to examine which of the above two hypotheses is more plausible -an issue that has so far eluded the attention of 1 most researchers 1 . The objective of this paper is to examine this causality issue for a group of developing countries by using a formal method of studying the direction of causation.
Data
Existing studies aiming at evaluating growth effects of public investment at a disaggregated level largely suffer from 'sparseness of data' problem 2 . For us, however, this problem poses a greater challenge. A formal test for causality requires use of leads and lags of the variables in question. Accordingly, such analysis needs to be based on data sets containing relatively large number of observations per country. To overcome this problem, we collected 1970-89 data on central government investment expenditure in the T&C sector for 32 developing countries 3 by consulting a large collection of World Bank Country Economic Reports and Public Expenditure Reviews.
The Causality
In conducting the analysis, we closely follow the footstep of Blomstrom, et al (1996) where Granger-Causality argument has been used as a formal way of studying the direction of causation between fixed investment and economic growth. More recently, Attanasio, et al (2000) adopted the same methodology in analysing the direction of causation between savings, investment, and growth rate.
We begin our preliminary investigation by running simple regressions (see Table 1 ) of growth rates in per capita GDP on government investment in the T&C sector in the preceding, current, and the succeeding periods. The results above indicate that the coefficients, t-statistics, and adjusted R 2' s increase as one moves from the preceding to the current period and then from there to the succeeding period. Further, to avoid business cycle fluctuations and to acknowledge the possibility of a lagged relationship between public investments in the T&C sector and growth performances, we regress four-year average growth rates in per capita GDP on preceding, current, and succeeding four-year average government investment in the T&C sector (Table 2) . Note: Growth in Real GDP per capita 1970-73, 1974-77, 1978-81, 1982-85 1986-89 (4-year average); Transport and Communication Investemnt (% of GDP) 1970-73, 1974-77, 1978-81, 1982-85 1986-89 (4-year average); t-statistics are White's (1981) heteroschedastic error corrected.
As in the previous case, results suggest that in the case of the T&C sector, the effects running from growth to subsequent public investment are stronger than the effects running from public investment to subsequent growth.
For the formal part of our analysis, we turn to the Granger-Sims causality framework (see Granger, 1969; Sims, 1972) 
4 For the equations with country dummies, "…" represents the results for country dummies that we have not reported. 
, where
is a polynomial in lag operator and t ν is a white noise. Multiplying both sides of (1) by produces adj. R 2 = 0.14; n = 354; p-value for joint significance of the coefficients of preceding lags of TCI = 0.90 p-value for joint significance of the coefficients of following lags of TCI = 0.05
As before, the results suggest that the widely reported correlation between the investment in the T&C sector and growth more likely flows from the fact that T&C investments follow growth and not vice-versa.
The previous results suggest that, even though past history of public investments in T&C sector explains its current level well, past growth performances improve the prediction.
However, high coefficient values of the lags of TCI do raise suspicion regarding the presence of unit roots in the T&C investment data. In Table 3 , we present results of the Augmented Dickey-Fuller (ADF) test for levels and first differences for 20 countries (for which sufficient data points are available to carry out such test). Since the number of observations varies across the countries, we have chosen to report the corresponding critical value of the test statistic for each country. Table 3 indicates that the data for more than half of the countries contain a unit root.
We take the first difference of T&C investment data (DTCI) in order to make the data stationary 6 , and repeat the same exercise as in
. The corresponding regression results for without and for with country dummies are listed in and in , respectively (t-values are in parentheses). Table 4 below. 
With country dummies
Regression (i)′ Granger 0.25 -- -- Regression (ii)′ Granger -- 0.03 -- Regression (iii)′ Sims- Geweke 0.64 -- 0.00 Regression (iv)′ Granger 0.76 -- -- Regression (v)′ Granger -- 0.00 -- Regression (vi)′ Sims- Geweke 0.47 -- 0.00
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